The paper presents properties of surface layers. Surface layers were obtained by using low temperature glowdischarge nitriding process and laser remelting carried out on austenitic stainless steel type X10CrNi18-8. Investigations were done by using an Ultra Nanoindentation Tester (UNHT) in the Warsaw Institute of Fundamental Technological Research. The influence of the above mentioned treatments on obtained surface layers is shown. The values of the Vickers hardness (HV), the irreversible indentation work (W ir ), the reversible work (W e ) and the maximum depth (h max ) during indentation were determined using the method proposed by Oliver and Pharr [1] . On the basis of mechanical properties, the elasticity (I e ) and ductility (I ir ) indexes were calculated. Moreover, microstructure cross-section of the austenitic stainless steel after nitriding process and laser remelting was observed using a scanning electron microscope. Cavitation test was performed at a vibratory rig with stationary specimen. On the basis of erosion curves the cavitation resistance was evaluated.
INTRODUCTION
Nowadays, a great deal of attention in research works is focused on low temperature glow-discharge nitriding process and laser remelting of austenitic stainless steels. The usefulness of analyses of these technologies results from the fact that they could improve mechanical properties of austenitic stainless steels without decreasing their excellent corrosion resistance. After laser remelting, the chemical composition of alloys is homogeneous due to dissolution of precipitates. In papers [2] [3] [4] [5] [6] it was confirmed that the laser remelting showed a beneficial influence on corrosion resistance of austenitic stainless steels. Additionally, the low temperature nitriding process (about 450 O C) can also lead to improvement of corrosion resistance. During the nitriding process the temperature is the most important parameter which can lead to separation from a solution of chromium nitrides. This may result in a significant decrease of corrosion resistance of austenitic stainless steels. References [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] prove that nitriding process has a beneficial effect on corrosion resistance of austenitic microstructure in relatively low temperatures.
EXPERIMENTAL

Nitriding process
The parameters of glow-discharge nitriding process of the austenitic stainless steel type X10CrNi18-8 are presented in table 1. During the nitriding processes various chemical compositions of gas mixture were applied. All treatments were conducted on test specimens of 20 mm diameter and 6 mm height. Laser treatment was conducted using the TRUMPF TLF 6000 turbo CO 2 laser at Kielce University of Technology. The parameters of laser remelting process are presented in table 2. Various power of the laser beam was applied. During the laser remelting the test specimens were immersed in liquid nitrogen and inert gas was delivered at the same time. 
Microstructure of the reference material and nitrided cases
In fig. 1 microstructure of the reference material and nitrided layer after the nitriding process no. 1 is shown. The microstructure of the reference material consists of the austenite phase (γ) and a small amount of the delta ferrite phase. In an enlarged excerpt of the bigger picture, the microstructure of the nitrided layer is shown. Ferrite phase is not observed in the diffusion layer. In case of nitrided layers after the process no. 1, microcracks and deformations caused by twinning or by slip are not observed. In nitrided layers obtained after the process no. 2, above mentioned effects were observed (Fig. 2) . In Fig. 2 microcracks and slip bands in the nitrided layer as a result of higher inner stresses are shown. Moreover, after the process no. 2, some microcracks were observed in the region between the base material and the diffusion layer. In Fig. 3 the microstructure of the remelted layer after the process no. 1a is shown. The cellular microstructure consists of the austenite phase and the delta ferrite phase. Ferrite phase crystallized around the austenite phase. In Fig. 4 the microstructure of the remelted layer after the process no. 1b is shown. The higher power of the laser beam has led to columnar microstructure consisting of austenite dendrites, which have grown epitaxially from the base material. Planar front solidification zone has appeared in the bottom of the laser-melted track due to low solidification rate and the steep temperature gradients in this region. 
Nanoindentation tests
The investigations of mechanical properties were carried out using an Ultra Nanoindentation Tester (UNHT) in the Institute of Fundamental Technological Research of the Polish Academy of Sciences. The indentation tests were carried out according to the method of Olivier and Pharr as described in reference [1] . The measurements of mechanical properties proceeded in a repeatable and automated mode. The measurements were conducted in a single load/unload cycle. During the cycle the maximum loads were 20 or 50 mN. The loading rate was set to 40 mN/min in all the tests. The maximum loads were applied for periods of 1 s (20 mN) and 2 s (50 mN) duration. The investigations were carried out using a Berkovich indenter. The results were automatically obtained in Vickers hardness scale.
In Fig. 5 representative dependence between the load value and the displacement of the indenter in nitrided layers is shown. The results were compared with those of the reference material (not nitrided). All the investigations of nitrided layers and the reference material were examined using two different maximum loads: 20 and 50 mN. The values of the Vickers hardness (HV), the irreversible indentation work (W ir ), the reversible work (W e ) and the maximum depth (h max ) during the indentation are shown in tab. 3. The values of standard deviations calculated from three independent measurements are given in brackets.
The results of the investigations indicated a significant effect of termochemical treatment on the indentation curves in case of nitride layers. The nitrided layers independent of chemical composition of the gas mixture during the nitriding process have shown higher values of hardness in comparison with the reference material. Moreover, it was observed that the higher nitrogen content in the gas mixture during the nitriding affected the hardness of diffusion layers.
In reference [17] it has been shown that the chemical composition of the gas mixture during the nitriding process has a significant effect on phase constitution of austenitic stainless steels. It was observed that the nitrogen content in the gas mixture higher than 30% causes separation from the solution of chromium nitrides. Moreover, in paper [18] it has been confirmed that the higher nitrogen content in the gas mixture does not have an impact on the maximum nitrogen content in the nitrided layers. The cited research indicates that the main factors which exert an influence on the increase of hardness and the decrease of irreversible indentation work (W e ) are: phase S and the precipitates in the superficial zone. In Fig. 6 representative dependence between the volume of load and the displacement of the indenter in the remelted layers is shown. The results are compared with those of the reference material. The remelted layers and the reference material were examined using two different maximum loads: 20 and 50 mN.
The results of the layers remelted after the laser treatment do not reveal any important influence of the processing applied. In case of the laser remelting the hardness of the remelted layers is close to that of the reference material. The differences are negligible and depend on the distribution of the delta ferrite in austenitic microstructure (table 3) .
Ductility and elasticity index
On the basis of mechanical properties, the ductility (I ir ) and elasticity (I e ) indexes have been calculated from the following equations: 
Cavitation erosion test at the vibratory rig
The investigation of the material and the processed surface layer resistance to cavitation erosion was performed at the vibratory rig with stationary specimen, based on Sonics VCX-500 ultrasonic processor. The stand is in compliance with the ASTM G32-03 standard. The vibrations frequency and the peak-to-peak amplitude were 20 kHz and 100 µm, respectively. Furthermore, the distance between the vibration horn tip surface and the test specimen surface was 5 mm. According to [19] this corresponds to the power density of 5,6 W/cm 2 at the surface of a specimen. However, it allows to diagnose more accurately the incubation period in the surface layer with thickness under 10 µm. During the cavitation erosion test, demineralized water was kept at the temperature of 21 to 22 O C through the cooling ultrathermostatic controller (Polyscience 9512) with external circulation.
In Fig. 7a the general outlook of the stand is shown. In Fig. 7b the test vessel without a cooling system is shown. The test specimen cast with a cooling system is shown in Fig. 7c. a) b) c)
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Vibratory stand: a) general outlook, b) test vessel without a cooling system, c) test specimen cast with a cooling system [19] In Fig. 8 the surfaces of the reference material and the remelted layer after applying cavitation load at the vibratory rig are presented. In Fig. 8a a lot of deformations caused by cavitation impacts in the reference material are presented. Moreover, a lot of regions in which slip bands occurred can be observed. In Fig. 8b plastic deformations in the remelted layer surface are presented. It was noticed during the cavitation test that eroded areas appeared on these bulges after 1-hour-long exposure to cavitation load. In Fig. 9 the surfaces of the nitrided layers after the cavitation tests are presented. In case of the diffusion layer after the process no. 1, eroded areas are observed in grain boundaries (Fig. 9a) . In case of the diffusion layer obtained in result of the process no. 2, brittle fractures are observed in the initial stages of cavitation load (Fig. 9b) .
In Fig. 10 erosion cavitation curves are presented. Having compared the presented curves, it is obvious that the nitrided layer after process no. 1 is characterized by the highest resistance to cavitation erosion. In case of the diffusion layer obtained by applying the above mentioned process, the resistance to cavitation erosion is higher than that of the reference material and the remelted layer. The diffusion layer after process no. 2 has shown the lowest resistance which has resulted in the highest mass loss. Brittle fractures in the initial stages of cavitation load application are responsible for such a loss.
